The endosymbiotic organelles mitochondria and chloroplasts harbour, similarly to their prokaryotic progenitors, b-barrel proteins in their outer membrane. These proteins are encoded on nuclear DNA, translated on cytosolic ribosomes and imported into their target organelles by a dedicated machinery. Recent studies have provided insights into the import into the organelles and the membrane insertion of these proteins. Although the cytosolic stages of their biogenesis are less well defined, it is speculated that upon their synthesis, chaperones prevent b-barrel proteins from aggregation and keep them in an import-competent conformation. In this Review, we summarize the current knowledge about the biogenesis of b-barrel proteins, focusing on the early stages from the translation on cytosolic ribosomes to the recognition on the surface of the organelle.
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Keywords: chloroplasts; mitochondria; b-barrel proteins Mitochondria and chloroplasts are eukaryotic organelles that originated from the endosymbiotic uptake of an a-proteobacterium and a cyanobacterium, respectively [1] . During their evolution, most of the organellar proteins were transferred to the host cell's nucleus and the organelles underwent many changes to adapt to the new environment. Yet, both organelles retained several features of their prokaryotic progenitors, one of these being the occurrence of b-barrel proteins in the outer membrane. Of note, chloroplasts represent only one type of plant plastids; however, the other plastid types also contain b-barrel proteins. Since not much is known about the biogenesis pathways in the other plastids, we refer here to chloroplasts. Importantly, the outer membranes of mitochondria, chloroplasts and Gram-negative bacteria are the only membranes that contain b-barrel proteins. Such proteins span the membrane with a cylindrical b-sheet formed by 8-26 antiparallel b-strands, thereby forming a hydrophilic membrane pore.
Whereas a vast number of different b-barrel proteins reside in the outer membranes of Gram-negative bacteria, only few of them exist in eukaryotes. Mitochondria from yeast and human cells contain five b-barrel proteins and nine b-barrel proteins were identified in Arabidopsis thaliana chloroplasts. Most b-barrel proteins, such as the mitochondrial voltage-dependent anion channel (VDAC; called Porin in yeast), and the chloroplast outer envelope protein 21 (OEP21), OEP24 and OEP37 function as transporters for ions, small molecules, peptides and nucleic acids. Another group of b-barrel proteins, including Tom40, Tob55/Sam50 and Toc75, play an essential role in the import of proteins into mitochondria and plastids. Furthermore, eukaryotic b-barrel proteins are also involved in a variety of cellular processes, including signalling, organelle interactions and apoptosis [2, 3] . The targeting of b-barrel proteins to and their assembly into the outer membrane of chloroplasts and mitochondria is essential for the biogenesis, morphology and maintenance of these organelles and thus for the viability of the cells containing them.
During the evolution of mitochondria and chloroplasts, most organellar genes, including all those encoding b-barrel proteins, were transferred to the nuclear genome. Therefore, genes encoding eukaryotic b-barrel proteins are transcribed in the nucleus and translated on cytosolic ribosomes. To assure that the newly synthesized proteins reach their correct destination, namely the outer membrane of either mitochondria or chloroplasts, the eukaryotic cells had to develop robust targeting and import machineries. In the past years, the import machinery of mitochondrial b-barrel proteins has been extensively studied (Fig. 1A , reviewed in Refs [4] and [5] ). Shortly, b-barrel proteins are transported across the mitochondrial outer membrane by the translocase of the outer membrane (TOM) complex. The central subunit of the TOM complex, Tom40, is by itself a b-barrel protein and forms the general entry pore for most mitochondrial proteins. In addition to Tom40, the TOM complex comprises the receptor proteins Tom70, Tom20 and Tom220 (see below) and the small TOM subunits Tom5, Tom6 and Tom7. In the intermembrane space, the in transit b-barrel proteins interact with the small translocase of the inner membrane (TIM) chaperone complexes (Tim9/10 and Tim8/13) that prevent the bbarrel proteins from aggregation. Finally, the topogenesis of outer membrane b-barrel proteins (TOB) complex (also known as sorting and assembly machinery) mediates the membrane insertion of b-barrel proteins. Tob55/Sam50, the core component of the TOB complex, is a b-barrel protein and homologous to BamA, the central subunit of the b-barrel assembly machinery (BAM) complex in bacteria. The yeast TOB complex contains two additional proteins, Tob38/ Sam35 and Mas37/Sam37. For the efficient transfer of b-barrel proteins, the TOM and TOB complexes associate to form a supercomplex. The formation of this supercomplex is facilitated by the interaction of Tom22 with Mas37/Sam37 [6, 7] . To ensure correct intraorganellar sorting, mitochondrial b-barrel proteins contain a consensus sequence in their C-terminal bstrand. This sequence was termed b-signal and is recognized by Tob38/Sam35 proteins in mitochondria, as bacterial b-barrel proteins that are devoid of such a b-signal could be assembled in the outer membrane of mitochondria (see below). While many aspects of the biogenesis of mitochondrial b-barrel proteins could recently be revealed, much less is known about the biogenesis process of their chloroplast counterparts [5] . The translocase of the chloroplast outer membrane (TOC) complex is required for the import of the b-barrel protein Toc75 that also functions as the core subunit of this complex. Another chloroplast b-barrel protein, OEP80, was proposed to mediate the membrane insertion of chloroplast b-barrel proteins, as it is an essential protein that is related to BamA and Tob55 [9, 10] (Fig. 1B) . This idea was supported by the reduced Toc75 levels observed in chloroplasts from OEP80-knockdown cells [11] . However, direct experimental evidence for this hypothesis is still missing.
At least in the mitochondrial system, we have reached a decent understanding of the intra-organellar events in the biogenesis of b-barrel proteins, whereas the early, cytosolic stages of this biogenesis pathway are less well defined. In this review, we will focus on these stages and summarize the current knowledge about the biogenesis of mitochondrial and chloroplast b-barrel proteins from their translation on cytosolic ribosomes until their recognition on the organelle's surface. We will discuss the nature of the targeting sequences of these proteins and the role that potential interaction partners play in their way through the cytosol. Finally, we will evaluate possible modes for the regulation of the import of b-barrel proteins.
Import mode: is it co-or posttranslational?
b-Barrel proteins are imported from the cytosol into their target organelle. In general, this import can occur cotranslationally, i.e. while the protein is still being translated, or posttranslationally after the protein translation was completed.
In the late 1970s, it was demonstrated that presequence-containing precursor proteins that were synthesized in a cell-free system could be imported into isolated mitochondria [12] or chloroplasts [13, 14] . These early experiments show that both organelles are capable of importing at least some proteins in a posttranslational manner. Posttranslational mitochondrial import of matrix-destined preproteins was also observed in experiments with intact yeast cells [15] . Later studies reported on a posttranslational in vitro import of several b-barrel proteins including chloroplast Toc75, OEP80, OEP37, OEP24 and OEP21 However, another set of studies demonstrated that mitochondrial import can also occur in an apparently cotranslational mode. These findings were sparked by the detection of cytosolic polysomes on the mitochondrial surface where they localized to contact sites between the outer and inner membrane, i.e. the region where protein import occurs [22] . Experiments performed with both in vitro and in vivo systems confirmed the existence of a cotranslational import mode for a limited number of mitochondrial precursor proteins [23] [24] [25] [26] [27] . In accordance with a cotranslational import mode, mRNAs encoding many mitochondrial proteins were found to be localized to mitochondria [28, 29] . While a few mitochondrial proteins that are imported cotranslationally were identified, such an import mode was shown so far only for one chloroplast protein [30] .
The aforementioned examples of cotranslational import into mitochondria and chloroplasts raised the question whether this import form is also true for bbarrel proteins. In one of the initial studies of cotranslational import in vitro, the b-barrel protein Porin was proposed to require coupled translation and translocation [23] . Of note, while a posttranslational in vitro import of Porin was observed by several studies (e.g.
[19]), the system used in Ref. [23] was not capable of importing Porin posttranslationally. Hence, it seems that under most of the employed experimental conditions, posttranslational import of b-barrel proteins is possible.
Analysing the localization of mRNAs encoding bbarrel proteins can give another hint at their import mode. In yeast, the mRNAs of Tom40, Tob55 and the two isoforms of Porin showed little or no mitochondrial localization, while the mRNA of another b-barrel protein, mitochondrial distribution and morphology 10 (Mdm10) seemed to be partially enriched in the vicinity of mitochondria [29] . In plant cells, mRNA encoding the b-barrel protein VDAC3 was shown to be associated with mitochondria [31] . However, while a cotranslational import leads to an mRNA localization to the site of import, the reverse is not necessarily true. In fact, targeting of VDAC3 mRNA to mitochondria is not required for an efficient import of the protein [31] .
In summary, although it cannot be excluded that the import of mitochondrial and chloroplast b-barrel proteins is already initiated while they are still bound to a ribosome, the observations that many of them can be imported posttranslationally and that the corresponding mRNAs show little or no colocalization with the organelles suggest that the posttranslational import mode is the predominant one for these proteins. A strictly cotranslational import, where an association with ribosomes is required for the nascent chains to be targeted to and imported into their corresponding organelle, can be excluded for b-barrel proteins, as they can be imported in vitro in the absence of ribosomes.
Targeting signals of b-barrel proteins
Most precursor proteins of mitochondria and chloroplasts contain an N-terminal, cleavable presequence that targets the protein to the correct intracellular location. Apart from Toc75 and OEP80 (see below), mitochondrial and chloroplast b-barrel proteins do not contain a cleavable targeting signal. This absence of an obvious targeting sequence raised the question how the targeting information of b-barrel proteins is encoded.
The targeting information was conserved during evolution
Since the prokaryotic ancestors of mitochondria and chloroplasts contain b-barrel proteins in their outer membrane, it is possible that the features that allowed correct targeting of these prokaryotic proteins were conserved during evolution and are now able to direct also eukaryotic b-barrels to their proper destination. To analyse this possibility, several studies were performed in which the capacity of b-barrel proteins to assemble into foreign membranes was assessed. In these studies, bacterial b-barrel proteins were shown to assemble into the outer membrane of mitochondria in both yeast and human cells [32] [33] [34] . Interestingly, the reverse is also true. Upon expression in bacteria, the eukaryotic b-barrel protein VDAC was targeted to and assembled into the outer membrane [35] . These results show that the targeting information of b-barrel proteins was conserved from bacteria to mitochondria and is functional in both systems.
To test whether this conservation of the targeting information also extends to chloroplast b-barrel proteins, two proteins of this group, OEP37 and OEP24, were tested for their ability to be imported into yeast mitochondria. Insertion into the mitochondrial outer membrane was observed for these proteins both in vivo and in vitro [17] . Interestingly, in an in vitro import assay containing both chloroplasts and mitochondria, OEP37 and OEP24 were imported into both organelles, whereas the import of the mitochondrial b-barrel protein VDAC into chloroplasts was rather inefficient [17] . Taken together, chloroplast b-barrel proteins contain sufficient targeting information for import and assembly into the mitochondrial outer membrane, whereas they seem to contain additional information that is lacking in mitochondrial b-barrel proteins but is required for an efficient import into chloroplasts. This implies that in plant cells a mechanism should exist that actively directs chloroplasts bbarrel proteins into their corresponding organelle while preventing their mistargeting to mitochondria.
The targeting signal of mitochondrial b-barrel proteins
To characterize further the targeting information of mitochondrial b-barrel proteins, several research groups tried to identify a conserved linear amino acid sequence that could serve as a targeting signal. Such a linear signal could not be detected by bioinformatic analyses or a study using hybrid b-barrel proteins [33] . It was thus proposed that the targeting information is encoded by a structural feature of mitochondrial bbarrel proteins. This hypothesis was also supported by the finding that the in vitro import of Tom40 was decreased when the precursor was unfolded by urea treatment prior to the import reaction [20] . The observation that bacterial and chloroplast b-barrel proteins can be targeted to and inserted into the mitochondrial outer membrane (see above) further substantiated this idea, as the tested nonmitochondrial proteins have low sequence homology to their mitochondrial counterparts but fold into similar structures.
Experiments using the bacterial trimeric autotransporter protein Yersinia adhesion A (YadA) could show that even a partial b-barrel structure is sufficient for mitochondrial targeting. When inserted into the outer membrane of bacteria, YadA forms a trimeric bbarrel with 12 b-strands to which each monomer contributes four b-strands [36] . Upon expression in yeast cells, YadA was targeted to and inserted into the mitochondrial outer membrane [37, 38] . The four b-strands of YadA must, therefore, contain all the information necessary for targeting the protein to the mitochondrial outer membrane. This observation prompted the question whether even a b-hairpin could be sufficient for mitochondrial targeting. This structural motif comprises two b-strands with a short connecting loop and was described as the minimal building block of all b-barrel proteins [39] .
In a recent study, we used several in vitro and in vivo approaches to test whether a b-hairpin motif can serve as a targeting signal of mitochondrial b-barrel proteins. We could show that a peptide derived from the last bhairpin of human VDAC1 can competitively inhibit the in vitro import of b-barrel proteins into isolated mitochondria. Furthermore, we demonstrated that hybrid proteins composed of this b-hairpin peptide fused to a soluble passenger domain (like dihydrofolate reductase or green fluorescent protein) was targeted within intact yeast cells to mitochondria [40] .
However, not any b-hairpin motif can serve as such a targeting signal. We observed a clear correlation between the mitochondrial targeting capacity and the hydrophobicity of the b-hairpins. Of note, not the overall hydrophobicity of the b-hairpin is relevant, but only the hydrophobicity of the residues that are exposed on the hydrophobic face formed by the two b-strands [40] . Collectively, we could identify the targeting signal of mitochondrial b-barrel proteins as a bhairpin motif with a very hydrophobic face (Fig. 2A) .
Targeting signals of chloroplast b-barrel proteins
While none of the mitochondrial b-barrel proteins contains a cleavable targeting sequence, the situation is more complex for the chloroplast ones. Of all the chloroplast b-barrel proteins, the biogenesis of Toc75 has been studied the most. Interestingly, Toc75 contains a cleavable, bipartite targeting signal. This targeting peptide is composed of two parts: an N-terminal transit peptide with a stroma targeting potential and downstream to it a sorting signal that contains a polyglycine stretch, which prevents the translocation of Toc75 across the inner membrane [41, 42] . The transit peptide and the following sorting peptide are cleaved by the stromal processing peptidase and the plastidic type I signal peptidase 1 (Plsp1), respectively [41, 43] (Fig. 2B) .
Another chloroplast b-barrel protein, OEP80, was shown to be processed during import [16] . However, OEP80 does not contain a polyglycine stretch and, therefore, might use a different import pathway than Toc75. Furthermore, the chloroplast b-barrel proteins OEP37 and OEP24 were predicted to contain transit peptides; however, they are imported into chloroplast without a change in their size [17] . Yet another group of chloroplast b-barrel proteins, including OEP21 and Toc75-IV, has no predicted transit peptides. Taken together, the various b-barrel proteins of chloroplasts seem to contain distinct types of targeting signals and might reach the chloroplast outer membrane by different pathways (Fig. 2B) .
Interestingly, exchanging the last b-hairpin of OEP24 or OEP37 with the last b-hairpin of human VDAC1 or yeast Porin leads to a mislocalization of these proteins to mitochondria [40] . This indicates that deleting the C-terminal b-hairpin of OEP24 or OEP37 disrupts their chloroplast targeting signal and/or that a mitochondrial targeting signal, in the form of a b-hairpin with a strongly hydrophobic face, takes precedence over a chloroplast targeting signal. A bioinformatic inspection of the sequences of C-terminal b-hairpins from mitochondrial or chloroplasts b-barrel proteins could not identify a clear difference in the hydrophobicity pattern of the two groups (A. Kessel, personal communication). Thus, it seems that the overall hydrophobicity rather than a specific pattern creates the difference between these two sets of b-hairpins.
Cytosolic factors interacting with b-barrel proteins
Since the import of b-barrel proteins can proceed in a posttranslational manner, the cell is faced with a major challenge, namely keeping the newly synthesized proteins in an import-competent state. This is especially demanding, as b-barrel proteins are prone to aggregation due to their hydrophobic nature and their propensity to form b-sheets [44] . It is, thus, easily conceivable that the cell must contain cytosolic proteins that prevent the aggregation of b-barrel proteins. While interactions of newly synthesized b-barrel proteins with cytosolic factors have not been reported to date, there are some hints that point into this direction. One of the early indications for such an involvement is the observation that a pool of ATP outside of mitochondria is required for an optimal in vitro import of the mitochondrial b-barrel proteins Porin and Tom40 [20, 45, 46] . It was proposed that this ATP is utilized by cytosolic factors that keep the b-barrel proteins in an import-competent state; however, experimental evidence for this hypothesis is lacking. Of note, extra-mitochondrial ATP is also required for the import of several non-b-barrel mitochondrial precursor proteins [47] . The extra-mitochondrial ATP-consumption can, at least in part, be explained by the interaction of the precursor proteins with cytosolic, ATP-dependent chaperones of the heat shock protein 70 (Hsp70) and Hsp90 families that keep the precursors in an import-competent conformation [48] [49] [50] . Hsp70 and Hsp90 chaperones are also involved in the import of chloroplast precursor proteins [51, 52] . Yet, whether they also interact with chloroplast b-barrel proteins is still unclear.
Apart from a role in preventing b-barrel proteins from aggregating, cytosolic factors could also play a more active role in the targeting of their substrate proteins. However, to date, such targeting factors for b-barrel proteins were not detected. In contrast, for non-b-barrel proteins of mitochondria and chloroplasts, several cytosolic proteins were suggested to function as targeting factors [53] [54] [55] [56] [57] . Yet, whether any of these proteins can also bind to newly synthesized b-barrel proteins remains to be seen.
The presence of b-barrel protein-specific cytosolic targeting factors is especially likely for plant cells, since they must distinguish between b-barrel proteins destined for either mitochondria or chloroplasts. While in intact plant cells mislocalization of chloroplast bbarrel proteins to mitochondria was not observed, it can occur in in vitro import reactions containing both organelles. Here, the chloroplast b-barrel proteins OEP37 and OEP24 were imported into chloroplasts and mitochondria with a similar efficiency [17] . These findings suggest that the plant cytosol probably contains factors that prevent the mistargeting of chloroplast b-barrel proteins in vivo. Nonetheless, so far, the nature of these factors has not been elucidated.
Taken together, while a role of cytosolic factors in the biogenesis of mitochondrial and chloroplast b-barrel proteins seems likely, so far, such components were not identified and this issue should be addressed in future studies.
Recognition at the organelle's surface
After withstanding the cytosolic environment, presumably with the help of cytosolic factors, the newly synthesized b-barrel proteins will reach the surface of their target organelle. Here, they interact with specific receptor proteins to initiate the organellar import.
Mitochondrial import receptors
As part of their biogenesis pathway, mitochondrial bbarrel proteins must cross the outer membrane, as the TOB complex-mediated membrane insertion occurs from the intermembrane space face of the membrane [4, 5] . Translocation across the outer membrane is facilitated by the TOM complex that contains three receptor subunits: Tom70, Tom20 and Tom22. Tom20 and Tom22 are mainly involved in the recognition of presequence-containing mitochondrial proteins [58] [59] [60] , whereas Tom70 mostly recognizes mitochondrial proteins with an internal targeting signal [61, 62] and interacts with the chaperones of the Hsp70 and Hsp90 families [50] (Fig. 3A) .
Despite these apparently different recognition patterns, it is becoming clear that the substrate specificities of Tom20 and Tom70 partially overlap and that the proteins can complement the absence of one another in yeast cells [63, 64] . The atomic structure of Tom20 revealed a hydrophobic groove on the surface of the receptor as the place where it binds presequence peptides [65] . Recently, Tom70 was shown to also contain a presequence-binding groove [66] . Of note, plant mitochondria do not contain Tom70, but they harbour another outer membrane protein, OM64, that can bind mitochondrial preproteins and cytosolic chaperones [67, 68] .
Several studies concluded that Tom20 is important for the biogenesis of mitochondrial b-barrel proteins as mitochondria lacking this receptor had a reduced import efficiency for the b-barrel proteins Tom40 and Porin [60, 69] . Furthermore, crosslinking experiments with in vitro translated Tom40 and Porin revealed that both proteins form crosslinking adducts with Tom20 [20, 69] . As part of our efforts to characterize the targeting signal of mitochondrial b-barrel proteins, we could show that a b-hairpin peptide is sufficient for the recognition by Tom20. Moreover, NMR analysis of this interaction indicated that the b-hairpin binds to Tom20 in the hydrophobic presequence-binding groove [40] . This finding is in line with the observation that a presequence peptide can competitively inhibit the import of the b-barrel protein Porin [70] .
Nevertheless, Tom20 is probably not the only receptor for mitochondrial b-barrel proteins; in vitro import experiments showed a strong decrease in the mitochondrial import of Tom40 when the mitochondria were pretreated with antibodies against Tom70 [71] . This finding is supported by the observation of crosslinking adducts between Tom70 and a b-hairpin peptide corresponding to a b-barrel protein-targeting signal [40] . Along this line, binding studies with in vitro synthesized plant receptors and precursor proteins demonstrated that Tom40 can be bound by both Tom20 and OM64 [67] . The involvement of Tom70 and OM64 in the biogenesis of mitochondrial b-barrel proteins supports the notion that cytosolic chaperones interact with newly synthesized b-barrel proteins, as both receptors were reported to bind Hsp70 and Hsp90 chaperones.
Import receptors of chloroplasts
In contrast to the situation in mitochondria, where all b-barrels cross the outer membrane to be inserted into this membrane from its intermembrane space face, a similar pathway was shown, so far, only for the chloroplast b-barrel protein Toc75. Outer membrane translocation of, at least a part of, Toc75 is mediated by the general import pore of chloroplasts, the TOC complex [72] . The TOC complex is composed of the pore-forming subunit Toc75 and two GTPases, Toc34 and Toc159, that function as transit peptide receptors [73] [74] [75] . Several studies showed that the in vitro import of Toc75 is inhibited by the addition of transit peptides, thereby indicating that it interacts with the receptors Toc34 and/or Toc159 [72] . In addition to these receptors, two further chloroplast outer membrane proteins, Toc64 and OEP61, were reported to be involved in the import of chloroplast proteins. Toc64 and OEP61 bind not only to the precursor proteins but also to Hsp90 or Hsp70, respectively [52, 76, 77] (Fig. 3B) . Toc64 in cooperation with Toc33, a Toc34 homologue, was reported to be important for the biogenesis of the chloroplast b-barrel protein Toc75 [76] .
While Toc75 requires the TOC complex and its receptors, some chloroplast b-barrel proteins were proposed to be imported independently of this complex. The chloroplast b-barrel OEP21 was shown to be efficiently imported into the outer membrane, even when the chloroplasts were pretreated with the protease thermolysin [18] . Since thermolysin degrades the chloroplast import receptors, OEP21 seems to be imported without the help of these proteins. This observation can be explained by a receptor-independent interaction with the pore component Toc75. An alternative hypothesis suggests that OEP21, and maybe other chloroplast b-barrel proteins, can directly insert into the chloroplast outer membrane [78] . Experimental support for any of the above two alternatives is, however, still missing.
Regulation of b-barrel protein import
Mitochondria and chloroplasts are both dynamic organelles that can adapt to the cell's needs. This adaptiveness requires changes in the protein composition of the organelles. Since most mitochondrial and chloroplast proteins are encoded in the nucleus and imported into the organelles, a tight regulation of this import is important to ensure the proper protein configuration in response to external stimuli. Transcriptional and translational up-or downregulation of precursor proteins destined for mitochondria or chloroplasts can affect the protein composition of these organelles. However, a more direct regulation of the protein import has been reported for both mitochondria and chloroplasts. The main import machineries as well as precursor proteins can acquire diverse posttranslational modifications (PTMs) which lead to changes in the organellar import capacity. Phosphorylation was reported for several subunits of the TOM complex of mitochondria [79] , as well as for the TOC complex of chloroplasts [73, 80] . Furthermore, it was proposed that the TOC complex is additionally regulated by changes in the redox status of the cell and by the ubiquitin-proteasome system [81, 82] . While regulation on the level of the TOM or TOC complexes will influence the import of many precursor proteins at the same time, PTMs of individual precursor proteins can lead to an altered import of only these modified proteins. In yeast cells, it was established that the precursor of the mitochondrial b-barrel protein Tom40 can be phosphorylated by protein kinase A and that this phosphorylation inhibits the import of the precursor protein [83] . In contrast, a direct phosphorylation of newly synthesized chloroplast b-barrel proteins has not been reported to date. However, phosphorylation of chloroplast transit peptides has been reported to inhibit the import of the precursor proteins [84] . Since the chloroplast b-barrel protein Toc75 contains a transit peptide, it could also be subject to this type of phosphorylation.
Conclusions and Perspectives
Our knowledge about the biogenesis pathway of mitochondrial b-barrel proteins has dramatically increased in the past years. However, this is mainly true for the intramitochondrial stages of this pathway. Information about cytosolic processes that are required for b-barrel protein biogenesis is scarce. Identification of cytosolic factors that interact with newly synthesized b-barrel proteins could help to understand how the cell keeps these proteins in an import-competent conformation. Furthermore, deciphering the involvement of these factors might answer the question whether the targeting information of b-barrel proteins is already decoded in the cytosol or only later by the import receptors on the mitochondrial surface.
In contrast to the biogenesis of mitochondrial b-barrel proteins, little is known about the biogenesis of their chloroplast counterparts. Elucidating the nature of the targeting information of these proteins will help to understand not only how they are recognized by the chloroplast import receptors but also how the plant cell is able to distinguish between mitochondrial and chloroplast b-barrel proteins. Furthermore, the components of the import machinery necessary for the import and assembly of chloroplast b-barrel need to be defined. The identification of these factors will also help in understanding how the biogenesis of chloroplast proteins is regulated. 
